Recently, several types of compact personal mobility vehicles (PMVs) have been developed. This study proposes a new type of PMV that can be used as a transportation device, not only for disabled persons, but for the elderly as well. The proposed PMV uses biological signals as a reference value. Myoelectric potential, owing to its ability to reflect human intention with a high probability, was selected from the various types of bioinformation. In this study, we design and fabricate a PMV and consider a feasible utilization method for myoelectric potential.
Introduction
In recent years, small personal mobility vehicles (PMVs) that differ from automobiles have received attention. Examples include the Winglet (manufactured by Toyota Motor Corporation) and Segway (a mobility vehicle individuals ride while standing that are operated by weight transfer) [1] . Ropits, developed by Hitachi, Ltd, is a mobility vehicle different from those mentioned above, in that individuals perform the driving operations from a driver's seat as in an ordinary car; however, Ropits differs from an ordinary car because it has an autonomous mobile function that relies on high-accuracy location estimation using sensors. Many PMVs have been researched and developed, such as lightweight PMVs, uniquely structured PMVs, and PMVs designed for particular missions [2] [3] [4] [5] . Furthermore, because Japan is an aging society, PMVs for elderly or physically disabled persons have been developed. As PMVs that operate via weight transfer may be difficult to operate for individuals who have trouble walking, the PMV developed in this study uses a method that assists walking ability. This PMV contains an assisting system that estimates walking states by both acceleration and revolution sensors and drives a motor attached to a wheel.
A competition for disabled athletes who have enhanced abilities owing to robotics engineering technologies, called the Cybathlon, hosted by the Swiss National Center of Competence in Research Robotics, was recently held [7] . Myoelectric signals sent to the disabled body part are picked up and used to manipulate a machine playing a role of that body part. Although this is a significant attempt to support disabled persons via prosthetic devices with bioinformation, this is not directly associated with mobility devices, such as PMVs. S. Matugaura et al. reported an electric vehicle prototype that can support steering and braking for elderly people [8] . This prototype supports elderly people while they drive by estimating the operational state using not only a pedal and steering angle, but face temperature, electromyography (EMG), and heartbeat. Although an assisting robot caregiver using EMG and the system estimating the human state using EMG are reported [9] [10] , there is no report of a PMV that can be maneuvered using bioinformation.
In this study, we consider the possibility of a PMV driven using bioinformation and create a prototype. Myoelectric potential, owing to its ability to reflect human intention with a high probability, was selected in this study from the various types of bioinformation. We consider a control method using myoelectric potential of the left and right arms as the command value for the PMV instead of weight transfer. If the PMV we proposed can be realized, it will be one of the novel transportation devices in the future for disabled and elderly persons. In this study, the new PMV is designed and fabricated, and the control method using myoelectric potential is considered using an empirical approach.
Method

Structure of the fabricated PMV
In this study, a standing-type PMV that can be easily designed was chosen because the ability to use EMG as the PMV control method was the study's focus. The proposed PMV, whose structure is not an inverted pendulum, has two driving wheels and two safety wheels, and the ability to drive at 2 km/h. The appearance and specifications of the fabricated PMV are shown in Fig.1 and Table. 1, respectively. The base of the PMV is an aluminum plate with a thickness of 8 mm that has the ability to hold 80 kg of weight. A 50-W DC motor with gears directly mounted on the motor shaft are placed on each side of the PMV. Driving wheels 120 mm in diameter are placed on the left and right sides and connected to each other with an aluminum shaft 20 mm in diameter and are supported by left and right bearing units. Pulleys 30 mm in diameter are installed on both the back side of the tires and the gear shaft of the motors; the driving force from the motor to the tire is transmitted through a timing belt. Two lithium ion batteries of 7.2 V and 1.7 Ah (Tamiya Inc.) are used to provide power to the left and right sides of the motors.
Turning is performed by making a difference between the left and right sides of motor revolutions. Mechanical parts, such as the aluminum shaft or bearing unit, are installed on the back side of the PMV base, and the electric components, such as the motor drive circuit or battery, are mounted on the surface of the PMV base. To secure the riding area and protect the electrical components, a protective cover made of a transparent fiber-reinforced plastic material is placed over the PMV base surface. The designed control circuit for the PMV consists of the EMG sensors, a microcomputer, motor drive circuits, driving motors, and batteries (Fig.2 ). An AT-04-001 EMG sensor (Advancer Technologies Inc.) with an embedded electronic circuit that outputs the myoelectric potential that is filtered and amplified after rectification is used. The signal coming from the EMG sensor is captured in the Arduino through the AD converter. The Arduino produces the motor control signal after analyzing the driver's intention by processing the myoelectric potential. The output signals from the Arduino are isolated from the motor power source using photo-couplers to prevent malfunctions attributed to noise. The EMG generated by grip strength is used as a reference value for the motor. Left and right motors use the signal from the myoelectric potential sensors worn on the left and 
Myoelectric potential
When the brain activates muscles, the command signal is transmitted to the muscle fibers through motor nerves (Fig.3) . In muscle fibers, action potentials are generated and propagated to the muscles. These action potentials are called EMGs. Surface EMG, which is a measurement method wherein electrodes are attached to the skin, is widely used for EMG measurement. As the mean potential of the surface EMG is approximately several microvolts to several millivolts, an amplifier is necessary for measurement [11] . Because the amplitude of EMG has the tendency to increase with muscle tension, there is a proportional relationship between EMG and muscle tension.
Muscle selection for controlling the PVM
First, we investigated which myopotentials would be appropriate to manipulate the PMV. For usability, the deep digital flexor muscle and common digital extensor muscle were selected (Fig.4) . Fig.5 shows the measurement results of the relationship between the grip strength and myoelectric potential for these muscles. The slopes of the approximately straight lines for the deep digital flexor muscle of the left and right arms were 0.090 and 0.085, respectively. In the same way, the slopes of the approximately straight lines of the common digital extensor muscles of the left and right arms were 0.093 and 0.198, respectively. The standard deviation of the deep digital flexor muscles of left and right arms were 0.347 and 0.210, respectively, and that of the common digital extensor muscles of left and right arms were 0.228 and 0.219, respectively. Although the electric potentials generated from grip strength fluctuate in all cases, the relationship can be thought of as a proportional relationship. Even so, the slopes of those data are different, even when comparing the same muscle in the left and right arms. Therefore, the system requires some type of compensable function, such as calibration, to employ grip strength as a reference value for motor control. 
Operating method using the myoelectric potential
It is possible to control the PVM using grip strength because the generated myoelectric potential is approximately proportional to the grip strength. However, this method has a disadvantage in terms of controllability because a certain level of grip strength is required to generate the myoelectric potential necessary during operation. Considering the above, the operation procedure of the PMV was determined as follows:
1. Gripping for over 0.5 s is recognized as a stop command; 2. Gripping and loosening within 0.5 s is recognized as a start command. According to the above procedure, moving forward, clockwise and counterclockwise turning, and stopping are possible. Fig.6 shows the myoelectric potentials under the two operational commands. To discriminate the operational commands more accurately, two threshold voltages, Th1 and Th2, were developed. This is because the system attempts to decrease the rate of false recognition due to noise by considering a hysteresis as a criterion for judgement. Th1 is the level to start identification of the input signal and Th2 is for the end mark of the input signal. When the input value exceeds Th1, the system starts observing from that point. Subsequently, if the input signal maintains a level higher than Th2 for 0.5 s or more, the system identifies it as the stop command and turns off the motor. If the input signal becomes lower than Th2 within 0.5 s after surpassing Th1, it determines that this signal is the start command and drives the motor. An emergency stop button was separately installed for safety.
Experimental results
To evaluate the use of continuous operation using myoelectric potential commands, a simple test course, as shown in Fig.7 , was prepared. This test course consisted of three 1.8-m straights, two 1.2-m straights, and four 90° turns. PMV drivability can be tested by driving it along the test course. A G-MEN DR01 (SRIC.co) 3-axis acceleration sensor was used for this experiment. The experimental results are shown in Fig.8. Figs.8 (1) and (2) show the pitch acceleration generated when moving forward and the yaw acceleration generated when turning, respectively. The large values in the Fig.8 indicate transitions from one motion to another.
It was found that the behavior of the PMV was intentionally changed because relatively large acceleration data were regularly plotted. However, as the operation details are difficult to understand from (2) show yaw acceleration, and the positive and negative values represent the generated acceleration of the right and left sides, respectively. From straight 1 to straight 5, because backward acceleration was generated at the beginning of the forward movement and forward acceleration was generated at the end of the forward movement, it was found that the PMV went straight. At corner 1 and corner 4, because left-side acceleration was generated at the beginning of the movement and right-side acceleration was generated at the end of the movement, it was found that the PVM turned right. In the same way, at corner 2 and corner 3, because right-side acceleration was generated at the beginning of the movement and left-side acceleration was generated at the end of the movement, it was found that the PVM turned left. It was thought that the PVM could be controlled according to the intention of the driver because these motions occurred along the test course. The times required for the four corners were 3.4 s, 2.9 s, 3.0 s, and 3.3 s, respectively; the average speed calculated was 3.2 s. Although cornering is a rotary motion, the speed was equivalent to approximately 0.88 km/h when converted to a straight motion. Compared to the measured 1.38 km/h straight speed, the cornering speed was 36% slower than the straight speed. The maximum difference among the times spent for corners was 0.5 s and the distance calculated by traveling at 0.88 km/h was approximately 12.2 cm. Although the slight difference in time was confirmed among the four corners, it is thought that the PMV was controlled in line with the driver's intention. The times spent for the 1.2-m straights were 2.7 s and 3.0 s; the distances calculated traveling at 1.38 km/h would be 1.04 m and 1.15 m, respectively. Thus, it was thought that the PMV could be operated on the two 1.2-m straights. The times spent for the three 1.8-m straights were 3.56 s, 5.6 s, and 4.74 s; the distances calculated traveling at 1.38 km/h would be 1.36 m, 2.15 m, and 1.82 m, respectively. Although the PMV traced the fifth straight, the traveled distances of the first and second straight were different from the course length. The reasons for not being able to trace the course are considered as follows. First, the initiation time of the myoelectric potential of the driver was not constant and the amplitude of the generated myoelectric potential was not stable. For this reason, the PMV sometimes responded with a slight delay from the driver's intention. Next, it is conceivable that a difference of several tens of centimeters occurs depending on the position of the PMV passing through the course because the size of the PMV is 350 × 500 mm. Last, the revolution speed of the DC motor changes with the unstable torque required owing to the condition of the course because the motor drive system does not use feedback control. These concerns should be considered and improved upon in the future. However, it was confirmed that the PMV could almost be controlled along with the driver's intentions. These experimental results imply the feasibility of a PMV operated using myoelectric potential. 
Conclusion
We designed and fabricated a PMV that has the potential to be used as a novel transportation device for disabled and elderly persons and considered its utilization. The myoelectric potential suitable for PMV control was investigated. The relationship between grip strength and myoelectric potential was tested for both the common digital extensor muscle and the deep digital flexor muscle, and the proportional relationship between grip strength and myoelectric potential was confirmed. We proposed two myoelectric potential commands to control the PMV and utilized hysteresis as a criterion for judgment. We evaluated continuous operation by employing the myoelectric potential commands by driving on a simple test course. According to the experimental results, the PMV could be controlled according to the driver's intentions, but had some shortcomings. The reason for these were considered as follows. First, the time between the initiation and myoelectric potential of the driver is not constant, and the amplitude of the generated myoelectric potential was not stable. For this reason, the PMV sometimes responds with a slight delay from the time of the driver's intention. Next, it is conceivable that a difference of several tens of centimeters occurs depending on the position of the PMV passing through the course because the PMV is 350 × 500 mm. Last, the revolution speed of the DC motor changes owing to the unstable torque required by the condition of the course because the motor drive system does not use feedback control. These concerns should be considered and improved upon in the future. However, it was confirmed that the PMV could be controlled mostly along with the driver's intentions. These experimental results imply the feasibility of a PMV operated by myoelectric potential. 
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